At present, the incidence of diabetes complicated with gallstones is increasing rapidly, and there are still many problems in the pathogenesis of the disease. Diabetes complicated with gallstones is a chronic complication of diabetes, with diabetes-induced hyperinsulinemia and insulin resistance, gallbladder emptying disorders, Oddis sphincter dysfunction, gastrointestinal hormone disorders, gastrointestinal dyskinesia, fat metabolism disorders, bile Bacterial infection and other factors are related. In recent years, it has been found that in diabetic patients, Telocytes (TC) and Cajal interstitial cells (ICC) are reduced in the biliary system. In addition, the contact between ICC cells and smooth muscle cells and nerve endings is significantly reduced, so it is considered that bile Stone formation has a certain relationship with TC and ICC reduction. This article reviews recent research progress.
The Pathogenesis of Type 2 Diabetes Complicated with Gallstones

Hyperinsulinemia and Insulin Resistance
Insulin resistance, defined as the reduced sensitivity of the target organ acting on insulin to insulin action. The immediate cause of insulin resistance has not been fully established, but long-term hyperglycemia and hyperinsulinemia are known to cause insulin resistance in human and animal models [9] [10]. In the study of the LIRKO mouse model, the incidence of gallstones in mice was significantly increased after disrupting the intrahepatic insulin receptor in mice [11] .
3-Hydroxy-3-methylglutaryl coenzyme (HMG-CoA) reductase is the rate-limiting enzyme for cholesterol synthesis, and the stability of cholesterol in the body can be maintained by regulating the activity of the enzyme. Insulin promotes the synthesis of HMG-CoA reductase, and mouse studies have shown that insulin rapidly increases the expression of hepatic HMGR by increasing the rate of transcription [12] . High insulin accelerates the rate of cholesterol synthesis in the liver and promotes the secretion of cholesterol in the liver, which increases the cholesterol saturation in the bile. Increased serum insulin levels can induce the production of low-density lipoprotein receptor (LDLR), increase its number and up-regulate its activity [13] , promote the metabolism of low-density lipoprotein from the blood into the liver and cholesterol synthesis in the liver. The increase in cholesterol synthesized in the liver leads to an increase in the amount of cholesterol secreted by the liver into the bile.
Liver X receptor a(FXR) increases the sensitivity of islet beta receptors and inhibits insulin secretion. Treatment of insulin ob/ob mice with the FXR receptor agonist GW4064 reduced serum insulin levels and increased glucose tolerance [14] [15]. The liver regulates FXRa expression significantly after insulin resistance, leading to inhibition of 7a-hydroxylase activity [16] . 7a-hydroxylase is involved in the bile acid synthesis process as a rate-limiting enzyme in the bile acid conversion process. Its activity is reduced, resulting in a significant reduction in 
Leptin
Leptin (leptin) was discovered in 1994. It is a protein composed of 167 amino acid residues secreted by fat cells. It has functions of regulating neuroendocrine function, energy balance, feeding, growth and development [18] . Numerous studies have shown that leptin can induce cytokine signaling inhibition 3 (SOCS-3), and SOCS-3 can be feedback to regulate the expression of leptin gene [19] . In patients, insulin resistance promotes the release of leptin leading to an increase in leptin levels, and the presence of high concentrations of leptin in the blood further triggers insulin resistance. The experimental results showed that the expression of SOCS-3 was increased in obese individuals, and leptin receptor transduction was inhibited in adipocytes [20] . Decomposition of triglycerides in fat cells and beta oxidation of fatty acids are inhibited, resulting in the release of large amounts of triglycerides and fatty acids into the blood to form hyperlipidemia. Leptin receptors are distributed in the liver, and leptin can directly act on the liver to regulate lipid metabolism. Animal experiments have found that leptin can activate lipid breakdown and inhibit lipogenesis through JAK-STAT and IRS-PI3K signaling pathways, thereby reducing lipid deposition [21] . Huynh FK et al. [22] also found that lack of hepatic leptin signaling leads to liver lipid accumulation and increases of more triglyceride-rich VLDL particles. Himeno et al. [23] found that in the absence of significant differences in energy intake and body weight, plasma insulin, triglyceride, and leptin levels were slightly elevated in mice with partial defects in leptin receptors, in the liver. The triglyceride content was significantly higher than that of the wild type, suggesting that some leptin receptor defects can cause abnormalities in liver glycolipid metabolism without affecting the central regulation of feeding activity. In insulin resistance and leptin resistance, glucose is absorbed in the small intestine, while in the liver, it inhibits phosphoenolpyruvate carboxykinase and produces a large amount of ketone bodies, and aerobic oxidation is inhibited and then turned to lipid synthesis.
Leptin can cause oxidative stress to mediate inflammation, induce peripheral blood mononuclear cells to release procoagulant factors, and promote platelet aggregation in microvessels [24] , causing insufficient blood supply to the gallbladder smooth muscle to cause ischemic necrosis of gallbladder smooth International Journal of Clinical Medicine muscle, insufficient blood supply Causes vasospasm and inflammation can further lead to inflammation of the gallbladder wall, peripheral nerve cells are also damaged to varying degrees, nerve conduction is blocked, and these factors synergistically reduce the ability of the gallbladder to move. Neuropeptide Y (NPY) and neurotransmitters such as CCK stimulate the contraction of gallbladder and
Oddi. When leptin is deficient or leptin resistant, the response of the gallbladder to NPY and CCK is reduced, resulting in reduced gallbladder contractility and increased gallbladder volume, Causing bile emptying disorder [25] . A clinical study found that serum leptin levels are an important factor in the decline of gallbladder motility, because high levels of serum leptin and CCK affect cell membrane receptors, producing receptor resistance, resulting in reduced smooth muscle contractility [26] . Therefore, when leptin is relatively reduced or produces leptin resistance, it will cause gallstones due to the reduction of gallbladder contractility.
Lipid Metabolism Disorder
Abnormal lipid metabolism caused by diabetes is a more positive risk factor in the formation of cholelithiasis. Abnormal glucose and lipid metabolism in diabetic patients leads to hyperlipidemia [27] , serum triglyceride and cholesterol are significantly elevated, and high-density lipoprotein is decreased. Clinical studies have shown that ABCG5 and ABCG8 mRNA expression is significantly increased in cholesterol stones and cholesterol polyps [28] . ABCG5/G8 is mainly 
Bile Bacterial Infection
Diabetic microangiopathy and autonomic neuropathy can reduce gallbladder blood supply, gallbladder emptying and reduce the body's resistance to diabetes, providing conditions for gallbladder and biliary system infections, increasing the risk of stone formation. In recent years, many scholars at home and abroad have verified the existence and role of bacteria in cholesterol gallstones through experiments. Fatemi et al. [32] found a link between Helicobacter pylori and acute gallstones. Yang Yulong et al. [33] observed 15 cases of cholesterol stones by electron microscopy, and 10 of them found bacteria in the surface structure of stones. In the transmission electron microscopy of 12 cases of cholesterol stones, International Journal of Clinical Medicine it was found that there were 3 cases of cholesterol crystals and 12 cases of stone cores were found to have the presence of bacterial-like structural substances. The results of Tian Zhijie et al. [34] showed that Helicobacter DNA could be detected in 38.24% of bile and 79.55% of gallbladder mucosa, and 2 core parts of cholesterol mixed stones. Japanese scholar Kawai et al. [35] also detected bacterial DNA from 57% of pure cholesterol stones (100% cholesterol). However, Demir M et al. [36] found no significant difference in the prevalence of Helicobacter pylori infection between diabetic patients and non-diabetic controls. It was also found that the incidence of neuropathy in diabetic patients with Helicobacter pylori infection was higher.
The mechanism by which bacteria act may be that B-glucuronidase, phospho- 
Gallbladder Emptying Obstacles
The gallbladder has the function of storing and enriching bile, and also has the ability to absorb part of the lipid, which depends on the relative concentration of phospholipids and cholesterol. In the case of changes in bile composition, the 
Oddis Sphincter Dysfunction
The annular smooth muscle at the end of the common bile duct and the end of 
Gastrointestinal Hormone Disorder
According to its regulation of gallbladder movement, gastrointestinal hormones can be divided into hormones that promote gallbladder movement and hormones that inhibit gallbladder movement. The hormones that promote gallbladder movement mainly include cholecystokinin, gastrin, quercetin and gastrin release. Peptides, motilin, substance P, etc.: The hormones that inhibit gallbladder movement mainly include vasoactive intestinal peptide, somatostatin and pancreatic polypeptide family. In diabetes, when the hormones that inhibit gallbladder movement are stronger than the hormones that promote gallbladder movement, gallstones are more likely to form [45] [46].
Gastrointestinal Dyskinesia
The biliary tract is closely related to gastrointestinal motility. The gallbladder International Journal of Clinical Medicine contraction and the movement of the Oddis sphincter during the digestive phase are consistent with gastrointestinal motility. Changes in intestinal motor function also affect the contractile function of the gallbladder. Studies have shown that gastrointestinal movements are closely related to the emptying movement of the gallbladder. Gastroduodenal emptying during digestive and digestive periods can increase the emptying of the gallbladder. Emptying of the gallbladder promotes emptying of the duodenum, which in turn promotes gastric emptying, while gastrointestinal motility disorders can cause gallbladder emptying disorders. Diabetes is often accompanied by low gastrointestinal motility [47] , such as stomach cramps, stomach retention, etc., which can cause gallbladder emptying disorders. Compared with the no-stone control group, the large intestine transit time of patients with gallbladder cholesterol stones, the 7-α dehydroxylation ability of bile acids, the amount of anaerobic bacteria, and the pH value of intestinal lumen were significantly increased in the intestinal flora [48] . These factors lead to a significant increase in deoxycholic acid that is returned to the bile through the enterohepatic circulation, which increases the hydrophobicity of the bile salts, thereby promoting the precipitation of bile cholesterol, increasing the cholesterol saturation index and accelerating the rate of cholesterol crystallization [49] .
Gallbladder Nerve Damage
There are two special cell types in the gallbladder, Telocytes (TC) and Cajal interstitial cells (ICC). The term telocyte (TC) was first introduced in the scientific literature in 2010 [50] . And cells with TC characteristics have been found in almost all mammalian organs [51] . More than a century ago, Santiago Ramon and Cajal [52] described a specific cell type in the gastrointestinal tract (GI) that is located in the interstitial space between nerve endings and smooth muscle cells (SMC) and was eventually named Interstitial cells of Cajal (ICC). However, TC is related to ICC, they have the same embryonic origin (mesenchymal); both form networks that sometimes run the same region in parallel, sometimes some ICCs are embedded in the TC network, and vice versa; this strict relationship indicates TC ICC signals can be transmitted, and TC can represent ICC stem cells [51] .
Matyja A et al. [53] conducted a controlled study in which bile components may play an important role in the reduction of TC density in the gallbladder. In addition, some scholars believe that TC damage may be associated with blocking c-kit/SCF signaling pathway leading to high cholesterol levels [54] or chronic inflammation of the gallbladder wall [55] . Cholesterol saturation index (CSI) is a well-established parameter associated with bile stone. Pasternak et al. [56] compared the lipid content of bile samples from patients with cholelithiasis. The results showed that the CSI of the cholelithiasis group was statistically significant and negatively correlated with the reduction of TC in the gallbladder wall. Cholesterol accumulation in gallbladder smooth muscle cells disrupts protein G-mediated signal transduction by CCK-A (cholecystokinin A) binding to its International Journal of Clinical Medicine receptor. In another study, Pasternak et al. [54] further evaluated the relationship between bile lipid composition and TC density in the gallbladder wall of patients with gallstones and found that the concentration of omega-6 polyunsaturated fatty acids (PUFA) was significantly increased. The average concentration of glycocholic acid (GCA) and taurocholic acid (TCA) in bile was significantly reduced. High levels of omega-6 polyunsaturated fatty acids are shown to contribute to the formation of cholelithiasis by enhancing bile cholesterol secretion [57] , while GCA and TCA may be based on a significant positive correlation with the mean number of TCs and GCA concentrations on TC Protective effects. Therefore, these observations indicate that higher concentrations of omega-6 polyunsaturated fatty acids and lower amounts of GCA and TCA further induce gallbladder motor dysfunction and thus gallstone formation by increasing the SHI loss index caused by TC loss.
ICC has pacing and signal transduction functions in the gastrointestinal tract, which is essential for the normal operation of gastrointestinal motility. Intestinal irregularities caused by abnormal slow wave activity have been described [58] [59] [60] . ICC defects are characterized by slow wave activity abnormalities [61] , and are associated with many dysmotility diseases such as slow transit constipation, hypertrophic pyloric stenosis, and pseudo intestinal obstruction. In recent years, studies have also found that ICC exists in many parts of the biliary system Oddi sphincter, cystic duct, gallbladder, etc., and participates in the regulation of Oddis sphincter autonomous rhythmic movement [62] . In human and animal models, the major cellular defect in diabetic gastroparesis is indeed the loss of ICC, which has been reported [63] [64] . In diabetes, ICC is reduced in the gallbladder and bile ducts, and in addition, ICC cells are significantly less exposed to smooth muscle cells and nerve endings [65] .
Conclusion and Prospects
In short, diabetes complicated with gallstones is the result of a combination of 
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